We specify and estimate no-arbitrage models that value sovereign CDS contracts by assuming that the country's default intensity depends on observable economic and …nancial indicators. We estimate these models using a sample of twenty-eight countries, three CDS maturities, and over a decade of daily data. The models provide a good …t. The impact of the economic and …nancial variables on spreads varies substantially across countries and over time, but is consistent with economic intuition. Spreads increase as a function of stock market and exchange rate volatility, but decrease as a function of interest rates and stock market returns. Estimated risk premiums are highly time-varying and peak during the 2008 …nancial crisis for nearly all countries. For European countries the risk premiums are also high during the Eurozone debt crisis. In periods of market stress and high CDS spreads, the increase in market risk aversion is even larger than the increase in default probabilities.
Introduction
For several decades, the relevance of sovereign risk seemed limited to emerging economies in Latin America and Asia. But following the U.S. debt downgrade in August 2011 and the Eurozone debt crisis, the study of sovereign risk has suddenly taken center stage. Meanwhile, the rapid development of the sovereign and corporate credit default swap (CDS) markets, and the associated increased importance of credit as an asset class, have focused attention even more on the determinants of sovereign credit spreads and the sources of the di¤erences in spread levels between countries.
Following the increased availability of reliable CDS data over the last few years, the academic literature has seen rapid growth in the empirical literature on corporate CDS spreads. 1 The literature on sovereign CDS spreads has also developed but not as rapidly. 2 From an analytical perspective, there is an important di¤erence between sovereign and corporate CDS markets.
Whereas there is consensus that variables such as interest rates, asset or equity volatility, and leverage should matter for corporate CDS spreads, following the logic of structural models such as Merton (1974) , no such simple encompassing theory is available for sovereign CDS. The economics literature of course has a rich history of highlighting macroeconomic factors that are likely to in ‡uence sovereign default and sovereign credit risk, such as debt-to-GDP ratios and the terms of trade, but these are largely empirical discussions, and identifying parsimonious sets of variables that are prime candidates for explaining sovereign CDS spreads is not straightforward. This paper contributes to the expanding literature on sovereign credit risk, and sovereign CDS in particular. The recent literature contains two very di¤erent approaches to analyze sovereign CDS. On the one hand is the use of so-called reduced-form models of credit risk, as in Pan and Singleton (2008) and Longsta¤, Pan, Pedersen and Singleton (2011), for example. These models originate in the term-structure literature and start by specifying a default intensity that depends on a number of latent factors or state variables. Given the speci…cation of the default intensity, the CDS spread can be obtained as a function of the same latent factors. The advantage of this approach is that one can increase the number of factors and choose the appropriate statistical speci…cation to achieve a good …t. These models are typically estimated using di¤erent CDS maturities, and because the model starts from basics, pricing consistency across maturities is ensured. Another advantage is that by specifying the price of risk, one can obtain estimates of the prices of risk and the risk premiums as a by-product of the estimation. Credit risk premiums are indeed a central objective of the analysis in Pan and Singleton (2008) and Longsta¤, Pan, Pedersen, and Singleton (2011) .
Several other studies analyze sovereign CDS spreads by regressing the spreads on (macro) economic and …nancial determinants of credit spreads. The advantage of this approach compared to reduced form models with latent factors is that it provides more intuition on the economic determinants of sovereign default. The disadvantage of the regression approach is that it does not provide as good a …t as the reduced-form latent models, and the regressions are estimated for each maturity separately so that there is no pricing consistency across maturities. Longsta¤, Pan, Pedersen, and Singleton (2011) use linear regression to determine the relative importance of global and local factors in sovereign credit spreads. Dieckmann and Plank (2012) provide an exhaustive analysis of potential determinants of sovereign CDS spreads using linear regression.
This paper combines the advantages of both approaches. We use the framework of Doshi, Ericsson, Jacobs, and Turnbull (2013), who value corporate CDS in a reduced-form framework with intensities that are functions of observable covariates. This combines the advantages of linear regressions on observable covariates and the reduced-form approach. It readily provides economic intuition, but additionally the pricing is consistent across maturities and risk premiums are readily obtained as a by-product of the estimation. Moreover, we specify the country's default intensity as a quadratic function of observable economic and …nancial indicators, guaranteeing positive default intensities at all times.
Just as in the case of linear regressions, the selection of observable covariates is not straightforward. There is no consensus theory to guide the speci…cation search, and economic intuition suggests a large number of variables that ought to in ‡uence sovereign default probabilities. However, parsimony ought to be a guiding principle, because for this type of model, the numerical optimization becomes more time-consuming and less reliable when the number of parameters increases. We select a parsimonious benchmark model with four covariates based on the explanatory power of the observable variables. We con…rm the …ndings of Longsta¤, Pan, Pedersen and Singleton (2011), who argue that a substantial part of the variation in CDS spread can be explained by global factors such as the VIX, and therefore we use global factors as well as country-speci…c factors.
Our preferred benchmark model contains four determinants of the countries'default intensities: the U.S. interest rate, the VIX stock market volatility index, the one-year trailing return on the country's stock market index, and the implied exchange rate volatility for the country's currency. We estimate this model using a sample of twenty-eight countries. For each country we have over a decade's worth of daily data, and we use the 1-year, 5-year, and 10-year tenors in estimation. The benchmark model provides a satisfactory …t.
The impact of the economic and …nancial variables on spreads varies substantially across countries and over time, but is consistent with economic intuition. In the benchmark model, spreads increase as a function of stock market and exchange rate volatility, but decrease as a function of interest rates and stock market returns. Estimated risk premiums are highly timevarying and peak during the 2008 …nancial crisis for nearly all countries. For European countries the risk premiums are also high during the Eurozone debt crisis. This means that in periods of market stress and high CDS spreads, the increase in market risk aversion is even larger than the increase in default probabilities. Outside of the …nancial crisis, the variation in risk premium across countries is also very large. Some of this variation is driven by regional factors, and some of it is country-speci…c. We document an interesting relation between the term-structure slopes in the CDS spreads and the credit risk premium. In the 2008 crisis these slopes are clearly inversely related, but this is not the case pre-and post-crisis.
We also report on two more richly speci…ed models, which include the one year local swap rate and the terms of trade. These models improve the …t but not dramatically so. Importantly, they provide similar economic intuition regarding the size and time variation in risk premiums and the sign of the deltas of spreads with respect to the observable covariates.
The paper proceeds as follows. Section 2 outlines the model. Section 3 brie ‡y summarizes the data and the estimation method. Section 4 discusses the empirical results, with particular attention for risk premiums and common trends across the countries in the sample. Section 5 provides more detailed evidence on individual countries. Section 6 discusses alternative model speci…cations, and Section 7 concludes.
The Model
In this section, we describe the model used for CDS valuation. We work in discrete time and assume that the observable macroeconomic and …nancial factors are described by autoregressive processes. We also specify the market prices of risk.
Credit Default Swap Valuation
We use the quadratic framework of Doshi, Ericsson, Jacobs, and Turnbull (2013), who value corporate CDS based on the dynamics of observable covariates. The resulting models are easier to estimate than models with latent dynamics because there is no need to …lter latent state variables from CDS prices. 3 A stopping time has an intensity process (t). Given no default up to time t, the probability of no default over the next interval is exp( (t)). The probability for an obligor surviving until at least time h is given by
where denotes the time of default. The default intensity of each country is assumed to be a quadratic function of common factors that a¤ect all countries, denoted by X w k;t , and countryspeci…c factors denoted by X c k;t
where n is the number of common factors and m the number of country-speci…c covariates. The advantage of a quadratic speci…cation over a Gaussian speci…cation is that the intensity function is strictly positive. De…ning q = n + m and stacking X w t and X c t in the q by 1 vector X t , we can write
We assume that the covariates X t are described by the following dynamics under the risk-neutral measure,
where e t N (0; I), is a (q; 1) vector, and and are (q; q) matrices that we assume to be diagonal for simplicity.
Consider the payments by the CDS protection buyer, who typically makes an initial payment and a series of quarterly payments. In our CDS sample, we are provided with the spread and the initial payment is zero, so we ignore it in the pricing. Let S denote the CDS spread. The protection buyer promises to make payments S each quarter, conditional on no default by the reference obligor, where is the time between payment dates. If a credit event occurs, the protection buyer receives a payment from the protection seller and the contract terminates. The present value of the payments by the protection buyer is
where 1 denotes the indicator function and B(t; t + j) is the riskless discount rate, which is assumed to be deterministic. Doshi, Ericsson, Jacobs, and Turnbull (2013) show that
where the coe¢ cients F j , G j , and H j are derived recursively. The protection seller will make a payment of (1 R) per dollar of notional, where R is the recovery rate, if a default event occurs. We assume that if a default event occurs during the interval (t + j 1; t + j), payment by the protection seller is made at the end of the interval. The present value of the promised payment by the protection seller is
Assuming that the recovery rate is known and constant, 4 this gives
where both expectations on the right side are of the form (2.6). The spread of the CDS is set such that
The Market Prices of Risk
Section 2.1 introduces the pricing model under the risk-neutral measure Q. We now specify the market prices of risk. To change from the risk-neutral measure to the physical measure, we specify the Radon-Nikodym derivative to take the form
, (2.9) where t is an q 1 vector, with q the number of factors that are priced. Given this assumption and the risk-neutral dynamic (2.4), the dynamics of the state variables X t under the physical measure are given by
We assume time-varying prices of risk that are a linear function of the state variables:
where 0 is an N 1 vector and 1 is an N N matrix. The dynamics of the state variables under the physical measure can therefore be written as
where P and P are given by
3 Data and Estimation Method
Data
The data consists of daily sovereign CDS spreads for a set of twenty-eight countries for the period January 2, 2001 to June 29, 2012, and is obtained from Markit. We use 1-, 5-, and 10-year tenors in estimation. We estimate the model for each country separately, but in order to save space we report some results that are averaged within regions. We report on three regions. The Latin American region in our sample consists of …ve countries: Brazil, Chile, Colombia, Mexico, and Peru. The Eurozone region includes ten countries: Austria, Belgium, Finland, France, Germany, Ireland, Italy, Portugal, Slovenia, and Spain. The Asian region includes six countries: Hong Kong, Japan, Malaysia, Philippines, South Korea, and Thailand. There are seven countries in our sample that are not part of any of these three regions: the Czech Republic, Israel, Poland, Russia, South Africa, Turkey, and the United Kingdom.
We used linear regression to select covariates with high incremental explanatory power for CDS spreads. Based on this speci…cation search, we chose a benchmark model with four covariates. Two covariates are common across the entire set of countries, and two covariates are speci…c to each country. For the common or global covariates we use the 10-year U.S. Treasury bond yield and the VIX index. For the country-speci…c or local covariates we use the 1-year trailing return of the Morgan Stanley Composite Index (MSCI), and the 3-month foreign exchange implied volatility. We also estimated two extensions to the benchmark model: these models include the 1-year local denominated interest rate swap and the Citi terms of trade index. Note that for Eurozone countries, the foreign exchange implied volatility, the 1-year interest rate swap, and the terms of trade index are identical. All covariates data is obtained from Bloomberg.
Our set of twenty-eight countries is determined by data availability. Our sample period has 2999 business days. We require at least 75% of the 2999 observations on the CDS data and the covariates to be available for a country to be included.
Panel A of Figure 2 contains the time path of the 5-year CDS spreads (black line) averaged over all twenty-eight countries. Panels B, C, and D present the average time path of CDS spreads for three regions. 6 Figure 1 shows the time-series evolution of the covariates. We report the cross-sectional average for the entire set of twenty-eight countries. Another event that emerges from Figure 1 is the period following the bursting of the internet stock market bubble at the beginning of our sample. The corresponding decline in worldwide stock markets and the increase in the VIX are clearly visible from Panels C and B respectively.
In summary, based on Figures 1 and Panel A of Figure 2 , we anticipate a positive relationship between spreads and the VIX, as well as between the spreads and exchange rate volatility. We anticipate a negative relationship between spreads and stock market returns, as well as between the terms of trade variable and spreads. For the U.S. ten-year yield, Figure 1 suggests a negative relationship with overall average spreads in Panel A of Figure 2 which is more low-frequency in nature than the relationship between volatility and spreads. However, comparing the U.S. ten-year yield in Panel A of Figure 1 with the spreads in di¤erent regions in Panels B, C, and D of Figure 2 , it is already clear that the strength of the overall negative relation will di¤er across regions.
Because of space constraints we do not report time paths of spreads and covariates for individual countries. Table 1 reports sample averages and standard deviations for each country. Columns 2 and 3 report the descriptive stastistics on the CDS spreads for …ve year maturity for each country, columns 4 to 11 report the descriptive statistics on the country speci…c covariates. There are substantial cross-sectional di¤erences in the …rst and second moments of spreads and covariates.
Estimation Method
We estimate the models for each country separately. Because we observe the time-series of covariates, we …rst estimate the dynamics of the covariates under the physical measure in a …rst step. The observable macroeconomic and …nancial variables are described by the AR(1) process in (2.12). Based on the normality assumption for the AR(1) innovation, it is straightforward to write the resulting likelihood function in order to estimate the physical dynamics.
Subsequently, in a second step we estimate the dynamics of the covariates under the riskneutral measure and the loadings on the covariates using the term-structure of credit default swap spreads. Given the assumptions on the prices of risk, the standard deviations of the innovations are identical under the physical and risk-neutral measures. In the second estimation step, we therefore …x them to the estimates obtained in the …rst step. Following market convention and existing studies on sovereign CDS (see for example Pan and Singleton (2008)), we assume a constant recovery rate of 25% in estimation.
Empirical Results
In this section, we estimate the no-arbitrage model for all countries in our sample using a parsimonious speci…cation, with four covariates: the level of U.S. interest rates measured using the 10 year Treasury yield, the S&P 500 volatility index (VIX), the one-year trailing returns on the MSCI country index, and foreign exchange implied volatility. We refer to this parsimonious speci…cation as the benchmark speci…cation.
We chose the benchmark model after an extensive speci…cation analysis using linear regressions. We selected variables that provided substantial incremental explanatory power. Our speci…cation search favored a parsimonious model, in the sense that other variables are available that are relevant in a univariate context, but they do not increase explanatory power much when the benchmark covariates are included. Our search also yielded results that are consistent with the recent literature that convincingly demonstrates a substantial global component to sovereign credit risk (see Longsta¤, Pan, Pedersen and Singleton (2011)). Our benchmark speci…cation includes two country-speci…c variables and two variables that are common to all countries. We report on other (richer) speci…cations of the covariates in Section 6, and compare the implications of those models with the benchmark model.
The top four panels of Figure 1 show the time paths for the four covariates in the benchmark model. Panel A contains the U.S. 10-year Treasury yield, which steadily decreased over the sample period. Panel B shows the VIX, which substantial varies over the sample and peaks during the …nancial crisis. Panels C and D contain averages of country-speci…c variables. Note that the average stock market return in Panel C is clearly highly negatively correlated with the VIX in Panel B, presumably because it is highly positively correlated with the S&P500. This illustrates that in our sample we also have a substantial systemic component to sovereign risk that is present in the country-speci…c covariates. Panel D shows that average exchange rate volatility is also highly related to the VIX and the stock market index. Of course there is substantial country-speci…c variation in both variables which is not apparent from Figure 1 Table 2 presents the distribution of the parameter estimates across all countries. For each parameter, the table provides information about the mean, median, standard deviations and percentiles ranging from 2.5% to 97.5%. Panel A presents the distribution of the covariate loadings. The loadings on the level of US interest rates and the MSCI index are mostly negative. The loadings on the VIX and exchange rate volatility are mostly positive. Since the default intensity is a quadratic function of the covariates, it is di¢ cult to interpret the impact of the covariates based on the sign of the loadings. Later in this section, we compute the numerical deltas of the CDS spreads with respect to each covariate to provide more intuition for the impact of the covariates on the term structure of CDS spreads. Panels B to F present the distribution of the parameters characterizing the covariate dynamics under the risk-neutral and physical measures. Remember that the o¤-diagonal elements of and in (2.4) are assumed to be zero. All covariates are highly persistent under both the risk-neutral and physical measures. The risk-neutral dynamic for the level of the US Treasury yield is mostly explosive. For all covariates, the range of the persistence parameter is relatively tighter under the physical measure compared to the risk-neutral measure. This suggests that the market price of risk associated with this parameter varies a lot across countries. The distribution of the intercept of the autoregressive process also di¤ers substantially under the risk-neutral and physical measure suggesting that these covariates carry large risk premiums. For example, for the exchange rate volatility, the percentile range under the physical measure is between 0.0316 and 0.232, while it is between -0.688 and 0.13 under the risk-neutral measure. Note that these comparisons are only suggestive. The overall risk premium associated with each of the covariates is jointly driven by the persistence parameters and the intercepts. We discuss the estimates of the overall risk premiums in greater detail in Section 4.3.
Parameter Estimates and Model Fit
The next to last column in Table 1 presents the root mean squared error (RMSE) in basis points for the …ve year maturity contract for each country in our sample. We also report the averages based on di¤erent geographical regions. For comparison, the last column also reports the goodness of …t measure for the linear regression
where X w t denotes the factors that are common to all countries and X c t denotes the factors that are country speci…c. The RMSEs for the …ve-year contract are similar for the no-arbitrage model and the simple regression model. 7 The no-arbitrage model performs well in capturing the variation in spreads for the Latin American and Asian countries. Table 1 indicates that the ratio of the average RMSE to average spreads for Latin American countries is 49%; for the Asian countries it is 37%. The model has more di¢ culty to capture the variation in the spreads of the Eurozone countries. The ratio of average RMSE to average spreads for Eurozone countries is almost 100%. However, there is clearly a lot of variation within regions. For instance, the ratio is around 50% for Finland, while for Portugal the …t is very poor. The table does Overall, the …t of the no-arbitrage model across all countries is reasonable for our purpose. Our main objective with the benchmark model is to provide economic intuition by studying the impact of the covariates on the term structure of spreads and the associated risk premiums. In Section 6, we consider alternative covariate speci…cations that provide better …t, and we compare estimated risk premiums from di¤erent speci…cations.
Economic Determinants of Credit Spreads
We now turn to a detailed study of the quantitative impact of covariates on CDS spreads. Note that the loadings in equation (2.2) are not directly interpretable because the default intensity is quadratic in the state variables. We therefore focus on the numerical derivatives (deltas) of the credit spreads with respect to changes in the covariates. These deltas also make it easier to compare the results of the no-arbitrage speci…cation and the regression approach, because in the no-arbitrage speci…cation it is the default intensity (2.2) that is speci…ed as a function of the covariates, whereas for the regression (4.1) it is the credit spread.
Cross-Sectional Variation
Columns 12 to 15 of Table 1 report the average sensitivities or deltas of the …ve year maturity spreads with respect to all four covariates. The delta of the spreads with respect to U.S. Treasury yield is mostly negative, which is con…rmed by the time paths in Figures 1 and 2 , and is consistent with economic intuition. In bad economic times, when credit spreads are high, the Federal Reserve generally maintains a low interest rate environment in order to spur growth. On average, a one percentage point increase in yields results in a 19 basis points decrease in spreads. The sensitivity to the U.S. interest rate environment is lowest for Portugal and Ireland, two countries which experienced substantial distress during our sample and may have a large country-speci…c component in their spreads. The sensitivity is positive for several emerging economies: Brazil, Colombia, Mexico, Peru, Philippines, and Turkey. One potential explanation for the positive sign for these countries is as follows. A decrease in US Treasury rates may result in investors looking for yield elsewhere, which may increase the demand for bonds of developing countries and hence, result in reduction in spreads for these countries. Note that the often-cited ‡ight-to-quality e¤ect predicts the opposite: when there is turmoil in emerging markets, characterized by falling stock markets and higher sovereign CDS spreads, additional capital ‡ows to the U.S., and U.S. Treasury market in particular, leading to lower yields.
We expect an increase in spreads when U.S. stock market volatility, as measured by VIX, increases. There is no formal theory to support this prior. However, the Merton (1974) model predicts a positive relation between stock market volatility and corporate credit spreads, and it is not unreasonable to expect this to carry over to sovereign spreads. Consistent with our intuition, the average sensitivity of the spreads with respect to VIX is positive for all countries except Brazil, Portugal, and Spain. On average, a one unit increase in VIX results in a 0.38 basis points increase in spreads. Colombia has the largest sensitivity with respect to the VIX, followed by Mexico, and Latin American countries have on average higher sensitivity to VIX.
For the country-speci…c covariates, we expect an increase in spreads when the stock market in a given country performs poorly, and an increase in spreads when the exchange rate is more volatile. Columns 14 and 15 of Table 1 show that the impact of the MSCI returns is indeed mostly negative. On average, a one percentage point decrease in yearly returns results in a 0.41 basis points increase in spreads. Local stock market conditions have the largest negative impact on the spreads of Asian countries and the least impact on the spreads of European countries. Finally, consistent with our intuition, spreads increase by 2 basis points on average with a one unit increase in exchange rate volatility. The impact of the exchange rate volatility is mostly positive across all countries. Brazil and Ireland have among the largest deltas to exchange rate volatility. Interestingly, European countries have larger exchange rate volatility deltas than Asian countries.
Time-Series Variation
Figures 3 and 4 report the average time-path of the deltas for di¤erent covariates. The …gures present the overall average time-path and the average time-path for di¤erent geographical regions for the …ve-year contract. For comparison, each panel also presents the average estimated delta from the linear regression model, indicated by the horizontal line in grey. Panels A to D of Figure  3 present the average delta of spreads with respect to the U.S. yield level across all countries and for di¤erent geographical regions. The linear regression model estimates the average delta with respect to U.S. interest rates at approximately -48 basis points, whereas the estimate from the no-arbitrage model is substantially smaller on average. More importantly, the no-arbitrage model allows for substantial time-variation in interest rate deltas. The deltas drop during the 2008 …nancial crisis as well as during the Eurozone debt crisis from mid-2011 to mid-2012. We obtain similar time-series patterns in deltas for the European and Asian countries. For Asian countries, the interest rate delta is positive on average at the beginning of the sample. For Latin American countries, the interest rate delta is positive throughout our sample. It increases in the later part of 2008 and drifts downward from then on. This result is partly driven by Brazil, which has a large positive delta with respect to US interest rates in our sample. Panels E to H report the deltas with respect to the VIX for di¤erent geographical regions, as well as the overall average. The time-series pattern of the deltas is largely similar across Latin America and Asia. For the Eurozone countries the deltas decrease towards the end of the sample. The negative average delta for Eurozone countries is partly driven by Portugal and Spain which have large negative deltas with respect to VIX. The overall delta is 0.35 on average, similar to the delta obtained from the linear regression model. Panels A to D of Figure 4 report the deltas with respect to the MSCI index. The overall average and the averages by region are all negative and drop substantially during the …nancial crisis of 2008. For the Asian countries, there is a large drop in the average delta around 2003, while in case of Europe the delta also drops substantially in the later part of the sample during the Eurozone debt crisis. Panels E to H report the deltas with respect to exchange rate volatility. The overall average and the averages by region are positive and increase during the …nancial crisis of 2008. For Europe the deltas also increase in the later part of the sample between 2011 and 2012.
Term Structure
Panels A to D of Figure 5 report the term structure of deltas with respect to all four covariates from the no-arbitrage model together with the deltas obtained from the linear regression model. For the no-arbitrage model, we compute the time-series average of the deltas for each country and maturity and then average across countries. For the linear regression model the numbers simply represent the average across all countries. On average across countries, the term structure of deltas with respect to US treasury is upward sloping for the no-arbitrage model while it is slightly U-shaped for the linear regression model. The upward sloping pattern suggests that an increase in US interest rates results in larger decreases in short maturity spreads relative to long maturity spreads.
Panel B report the term structure of deltas with respect to VIX for the no-arbitrage and the linear regression models. The term structure of deltas is downward sloping, suggesting larger sensitivity with respect to VIX for shorter maturities.
Panel C report the term structure of deltas with respect to local stock market returns. The deltas obtained from the no-arbitrage model downward sloping, which suggests larger sensitivity with respect to country index returns at shorter horizons.
Panel D report the deltas for foreign exchange rate volatility. On average across all countries, deltas with respect to exchange rate volatility are slightly hump shaped i.e., the deltas increase up to …ve year maturity and decrease from then onwards.
Patterns in the Deltas
In summary, the deltas for all covariates have signs largely consistent with economic intuition. The term structure of deltas is upward sloping for U.S. interest rates, while it is downward sloping for the VIX and stock returns and hump shaped for exchange rate volatility. The time-variation in deltas estimated using the no-arbitrage approach is substantial, and mostly conforms to our intuition given the changes in economic conditions over the sample. Figure 6 reports the average credit risk premium for all countries and the average across di¤erent geographical regions for the …ve year maturity contract. For each country in our sample, we …rst compute the model implied spreads under the pricing (Q) measure. We then change the probability measure and compute the model implied spreads under the physical measure P . The credit risk premium is de…ned as the ratio of the di¤erence between the Q and P spreads over the P spreads
Risk Premiums
. Our de…nition of the P spreads follows Pan and Singleton (2008). 8 
Panels A to D of Figure 6 
Prices of Risk
Panels A to D of Figure 7 present the dynamics of the prices of risk 0 + 1 X t associated with U.S. interest rates, the VIX, the MSCI country index, and foreign exchange implied volatility.
We present averages across all countries in the sample. The parameters 0 and 1 are inferred using equation (2.13) and the estimated risk-neutral and physical dynamics. A higher price of risk suggests that the price of a dollar is higher in that state of the world. In summary, we see large increases in the (absolute value of) the price of risk for three out of the four panels during the 2008 …nancial crisis. The one exception is U.S. interest rates. As mentioned before, the sharp decline in the price of risk in Panel A may be a consequence of ‡ight to quality. The increases in the price of risk during 2008 lead to sharp peaks in credit risk premiums in all geographical regions during 2008, as documented in Figure 6 . Panels E to H of Figure 7 show the ratio of risk-neutral to physical default probabilities for …ve year horizon for di¤erent values of the covariates. These ratios are computed for each country individually using the estimated parameters, changing each of the covariates separately while …xing other covariates at their time-series average. The graphs present the averages across all sample countries and three geographical regions. Panel E shows that on average for all countries, the ratio decreases with the U.S. yields until the yield reaches 5.6%, before increasing as a function of interest rates. The pattern for Asian and European countries is also U-shaped, but less pronounced, whereas for Latin American countries the ratio monotonically increases with interest rates. Note that the intuition for these patterns is far from obvious. As U.S. interest rates rise and business conditions improve, one expects default probabilities to decline, but these patterns are about the size of the decrease in physical default probabilities relative to the decrease in risk-neutral default probabilities.
Panel F shows that the ratio of risk-neutral to physical probabilities increases with increases in the VIX. Note that this is also the case for Europe, but the increase is very small. In general, spreads for Eurozone countries do not respond much to the VIX. The volatility index (VIX) is larger in bad states of the world. The increase in Q to P probabilities ratio with VIX suggests that risk-neutral probabilities rise more than physical probabilities as VIX increases; hence, the overall risk premium increases with VIX. Panel G presents the ratio of risk-neutral to physical probabilities as a function of stock market returns. The ratio decreases as the return on the MSCI country index rises for all geographical regions. Panel H of Figure 7 show that the ratio of Q to P probabilities increases with the increase in foreign exchange volatility for all regions. The intuition for this …nding is similar to the intuition used for the pattern with respect to the VIX. Figure 8 present the average slope for the credit risk premium for the overall sample and the three geographical regions. For comparison we also provide the slope of the CDS spreads. The slopes are de…ned as the di¤erence between the spread or credit risk premium for the 10-year maturity and the 1-year maturity. Intuitively, short-term spreads that are larger than long-term spreads suggest that the country is highly distressed. An example in our sample is the Eurozone in 2011-2012.
Term Structures of Spreads and Risk Premiums
For highly distressed entities, the ratio of Q to P probabilities is generally lower relatively to safer entities. This is consistent with the notion that the risk-premium represents a larger percentage of the spread for AAA-rated entities than for CCC-rated entities. We therefore expect that entities with high short-term spreads relative to long-term spreads have lower short-term Q to P ratios compared to the long-term Q to P ratios. In Panel A of Figure 8 we observe this pattern in the 2008 …nancial crisis: the slope of the credit risk premium rises when the slope of the CDS spreads drops during the …nancial crisis of 2008. This suggests that during these times, there is a larger increase in physical probabilities relative to risk-neutral default probabilities at the shorter horizon while there is relatively larger increase in risk-neutral probabilities compared to physical at longer horizons. We observe a similar pattern for Latin America and Asia during 2008. For the Eurozone countries, we observe this negative relation during the Eurozone debt crisis from mid-2010 onwards. We conclude that the economic intuition underlying this inverse relation applies during periods of market stress.
Panel E of Figure 8 provides additional evidence on this. We present a scatter plot of the CDS slope and credit risk premium slope. The scatter plot is generated by pooling data from all countries in our sample. The scatter plot is separated into three sample periods: before the . We see a very clear and interesting pattern emerging from the scatter plot. Before the …nancial crisis, there is no relation between the CDS slope and the credit risk premium slope. During the …nancial crisis, there is a negative relation between the CDS slope and credit risk premium slope, i.e., as the CDS slope declines, there is an increase in the credit risk premium consistent with the intuition mentioned earlier. After the …nancial crisis, the credit risk premium slope increases with the CDS slope.
These …ndings suggest that before the crisis, the price of a dollar in bad states of the world is similar both for short and long horizons. However, after the crisis, either the price of a dollar in bad states of world increases with the horizon, or the probability of a bad state of the world decreases with the horizon. Both arguments are intuitively plausible. Since agents just experienced a crisis, they assign a lower probability of another crisis happening in the next 10 years, resulting in declining (implied) physical probabilities for longer horizons. Alternatively, the price of a dollar in really bad states has increased for the agents as a consequence of the crisis, even though the probability of that bad state did not change. This results in larger risk premiums and hence, larger Q probabilities at longer horizons.
Country-Speci…c Results
So far we discussed results that were averaged across all countries or across geographical regions. To provide more intuition and to illustrate the value of time-varying prices of risk and risk premiums, this section discusses detailed results for two individual countries. We also discuss credit risk premium for each country in our sample. Figure 9 presents credit risk premiums and deltas for all covariates for Poland. Panel A presents the credit spread and the credit risk premium for the …ve-year contract. Poland experienced a period of uncertainty in the …rst half of 2003, when the …nal phase of the European integration referendum was at stake. This is re ‡ected in higher credit spreads. Eventually, the referendum was approved and the country subsequently joined the European Union following the rati…cation of the 2003 Treaty of Accession. A very calm period followed up till the start of the credit crisis. The 2008 crisis is re ‡ected in much higher spreads. Toward the end of the sample, the high spreads re ‡ect the turmoil in the Eurozone countries. Even though Poland is not part of the Eurozone, it is strongly a¤ected through the e¤ect on its trading partners.
The credit risk premium in Panel A is highly time-varying and mostly positive. It is even more re ‡ective of the economic reality than the spreads themselves. It is low in the early part of the sample before 2003 and peaks around March 2003. It gradually declines from mid-2003 onwards and reaches its minimum around mid-2007. It increases substantially from mid-2007 onwards with the onset of the …nancial crisis and reaches its peak of 4.24 in late 2008 after the defaults of Lehman Brothers and Washington Mutual. It subsequently declines until early 2010, after which it again starts rising following the Eurozone debt crisis. Overall, the conclusion from Panel A is that the estimated credit risk premium is intuitively plausible and increases in bad states of the world.
Panel B presents the slope of the credit risk premium together with the slope of the CDS spreads. As observed earlier, there is a sharp increase in the credit risk premium slope during the 2008 …nancial crisis. This suggests that during the …nancial crisis, there is a larger increase in short term physical default probabilities which results in relatively lower credit risk premiums for shorter maturity contracts. Figure 9 presents the sensitivity of the Polish …ve-year spreads with respect to the U.S. interest rates. We present the deltas for the no-arbitrage model and the linear regression model. The delta with respect to U.S. interest rates is negative throughout the sample, which is consistent with the economic intuition mentioned earlier. It is stable and around -20 basis points on average before the 2008 …nancial crisis. It drops to around -82 basis points during the …nancial crisis. It also drops substantially during the Euro zone debt crisis from mid-2010 onwards. The time-series average of the deltas is -32 basis points, which is close to the -46 basis points obtained from the linear regression model. Panel D presents the deltas with respect to the VIX for the no-arbitrage model and the linear regression model. Consistent with economic intuition, it is positive for both models. However, the sensitivity from the no-arbitrage model is low relative to the one obtained from the linear regression model. Panels E and F present the deltas with respect to the country's stock return and exchange rate volatility respectively. Both these deltas have signs consistent with economic intuition. The average deltas for these two covariates are similar in magnitude for the no-arbitrage and linear regression models. Both deltas are substantially larger during the 2008 …nancial crisis. Mexico, we do not …nd strong evidence of an inverse relationship between the slope of the credit risk premium and the CDS spread slope during crisis periods. Panels C to F present the deltas with respect to all four covariates. All four deltas have economically plausible signs and have the largest impact during the …nancial crisis.
Panel C of
Overall, the results for the two countries strongly suggest that our estimated deltas and risk premiums are consistent with economic intuition. So far, we discussed the credit risk premium averaged across all countries and geographical regions, as depicted in Figure 6 . Column 17 of Table 1 presents the time-series average of the credit risk premium for each country. The table also provides information about the average di¤erence between the CDS spreads under Q measure and the CDS spreads under P measure for each country (see column 16). The average credit risk premium is positive for all countries in our sample except Ireland and Portugal. Table 1 shows that the average di¤erence between the Q and P spreads is generally higher for riskier countries i.e., riskier countries have higher absolute risk premium. However, the credit risk premium de…ned as the ratio of Q to P spreads does not behave in the same way. We observe substantial cross-sectional variation in the credit risk premium across countries. While there is no clear cross-sectional relation between the credit risk premium and the level of credit spreads across all countries, within di¤erent geographical regions we see some sort of pattern. For example, within Eurozone countries Germany has the largest credit risk premium. This is consistent with the intuition mentioned earlier i.e., a large proportion of the spreads for highly rated countries are due to risk premium since they are likely to default in a really systematic event. On the other hand, countries with lower ratings have much higher actual default probabilities and their defaults may be idiosyncratic in nature which results in lower credit risk premium. We observe similarly larger credit risk premium for the safest countries in Latin America and Asia. For example, Chile and Japan which are the safest countries in their respective regions have the highest credit risk premium. Figure 11 presents the credit risk premium for all countries in our sample. For most countries in our sample, the credit risk premium is positive throughout the sample. One important conclusion is that there is a substantial time-series variation in credit risk premium for all countries. A second important conclusion is that there is a large amount of cross-sectional variation in the credit risk premium at a given point in time, consistent with the averages reported in Table 1 . Further, while the correlation between credit risk premiums across countries is modest, one common pattern that emerges for almost all countries is the large increase in credit risk premiums during the 2008 …nancial crisis.
Alternative Speci…cations
All empirical results discussed so far are based on the benchmark speci…cation with four covariates: U.S. interest rates, the VIX, the MSCI country index return, and exchange rate volatility. In this section, we compare the credit risk premiums obtained from the benchmark covariate speci…cation with alternative covariate speci…cations. We also compare the credit risk premium from the benchmark model with the credit risk premium obtained from a fully latent model. Figure 12 presents the comparison of the credit risk premium from the benchmark model with two alternative, more richly parameterized, covariate speci…cations. Speci…cation 2 augments the benchmark covariates with the one year local swap rate. Speci…cation 3 includes the covariates from the benchmark speci…cation, the one year local swap rate and the terms of trade. We decided on these two covariates based on the results of an extensive speci…cation search using linear regression.
We estimate these two richer speci…cations for each country in our sample. Panel A shows the comparison of the average credit risk premium across all countries obtained from each of the speci…cations. The key observation from the …gure is that the level and the dynamics of the credit risk premium are similar across all three speci…cations. Panels B to D show the comparison of the credit risk premium for all three speci…cations for di¤erent geographical regions. These graphs also show that the dynamics and level are fairly similar across the three speci…cations for all regions. There are of course di¤erences in the levels of the credit risk premiums, but the time-series correlation of the paths is very high.
These …ndings suggest that our estimated credit risk premiums are relatively robust to the choice of covariate speci…cation. To put the robustness of our …ndings in perspective, we now compare the credit risk premium obtained from our benchmark covariate speci…cation with the one obtained from a fully latent model. Fully latent models of credit risk are very popular for a good reason, because they provide a better …t than models with observables. It is well-understood that this represents a trade-o¤, because models with observables are capable of providing more economic intuition.
We estimate a two-factor latent model using the unscented Kalman …lter. It is instructive to focus on individual countries rather than averages, and therefore Figure 13 provides evidence for four countries in our sample: Mexico, Poland, South Africa, and South Korea. Note that we choose four countries from di¤erent continents. Figure 13 compares the risk premium obtained from the benchmark covariate model with that from the latent factor model for all four countries. The risk premiums estimated from the latent models di¤er from those estimated from the models with observables, but of course we do not know the true risk premium. Figure 13 contains three di¤erent risk premium estimates for the latent model. These are risk premiums corresponding to three local optima which provide essentially identical model …t (within two basis points). Despite the very similar …t, the credit risk premiums are substantially di¤erent. For example, for Mexico, the latent parameter set 2 generates large credit risk premiums between 2001 and 2003 while other parameter sets (latent 1 and latent 3) generate much smaller credit risk premiums for the same time period. We observe similar di¤erences in credit risk premiums for di¤erent parameters for all four countries. In addition, the credit risk premiums obtained from the latent models are quite noisy and often tend to be negative. The credit risk premium obtained from the observable model is more stable and mostly positive.
To establish the ability of models with latents and observables to identify risk premiums, a detailed Monte Carlo analysis is needed, and the appropriate choice of data generating mechanism for such an analysis is not straightforward. Figure 13 merely suggests that the advantages of noarbitrage models with observable covariates may go beyond providing more economic intuition, and that risk premiums computed using models with observables deserve further study. In our opinion there is good econometric intuition for these results. For a latent model, the …t under the pricing measure will be superior, but ratios of the Q and P dynamics may be less reliable. In a model with observable covariates, the P dynamics can be directly obtained from the time-series data of the covariates, whereas the latent model has to infer all information on the Q and P dynamics from the CDS prices. As a result, the P-estimates may not be well anchored, and ratios of P and Q dynamics may not always be well identi…ed.
Conclusion
We specify no-arbitrage models for the valuation of sovereign CDS contracts. The country's default intensity is assumed to be a quadratic function of observable economic and …nancial indicators, guaranteeing positive default intensities at all times. We select a parsimonious benchmark model based on the explanatory power of the observable variables. This model contains four determinants of the countries'default intensities: the U.S. interest rate, the VIX stock market volatility index, the one-year trailing return on the country's stock market index, and the implied exchange rate volatility for the country's currency. We estimate this model using a sample of twenty-eight countries. For each country we have over a decade's worth of daily data, and we use the 1-year, 5-year, and 10-year tenors in estimation. The benchmark model provides a satisfactory …t. We also report on two more richly speci…ed models, which include the one year local swap rate and the terms of trade. These models have similar implications regarding the size of risk premiums and their time-variation, and the sign of the deltas of spreads with respect to the observable covariates.
The impact of the economic and …nancial variables on spreads varies substantially across countries and over time, but is consistent with economic intuition. In the benchmark model, spreads increase as a function of stock market and exchange rate volatility, but decrease as a function of interest rates and stock market returns. Estimated risk premiums are highly timevarying and peak during the 2008 …nancial crisis for nearly all countries. For European countries the risk premiums are also high during the Eurozone debt crisis. It seems that during periods of market stress, market risk aversion increases by more than default probabilities. The variation in risk premium across countries is very large, also outside of crisis periods, and some of this variation is driven by regional factors. We document an interesting relation between the termstructure slopes in the CDS spreads and the credit risk premium. In the 2008 crisis these slopes are clearly inversely related, but this is not the case pre-and post-crisis.
Our work can be extended in a number of ways. It is possible to further improve in-sample …t by adding economic and …nancial variables, but in our opinion this is not a priority. Reduced-form models with latent factors are much better suited for this task. Instead, the model has much more promise for investigating the e¤ects of speci…c economic and …nancial variables. In this paper we have limited ourselves to economic and …nancial data that are available daily, partly to avoid econometric complications. Combining low-frequency macroeconomic variables such as in ‡ation and GDP growth with daily CDS data might provide interesting additional insights. Allowing for stochastic recovery rates could be an interesting extension, but this substantially complicates the resulting estimation problem. Finally, a more in depth investigation of the relative strengths and weaknesses of models with latents and observables, for instance in identifying risk premia, would also be interesting. 02  03  04  05  06  07  08  09  10  11  12 Index Notes to Figure: We plot the time series of the ten-year US Treasury bond yield (UST), the VIX index, the average of the MSCI one-year trailing returns across all twenty-eight countries, the average of the three-month foreign exchange implied volatility, the average of the one-year constant maturity local swap (SWA), and the average of the terms of trade index (TOT). The …rst two covariates are common to all countries. The remaining covariates are speci…c to each country, but for Eurozone countries, FXIV, SWA, and TOT are identical. Notes to Figure: We plot the sensitivity or delta (in basis points) of the credit spreads to a change in the ten-year U.S. Treasury bond yield (UST) and the VIX. Panels A, B, C, and D plot the UST delta for the entire set of countries, the Eurozone, Latin American, and Asian countries respectively. Panels E, F, G, and H plot the VIX delta for the same sets of countries. Notes to Figure: We plot of the sensitivity or delta (in basis points) of the credit spreads to a change in the country's one-year trailing stock return index (MSCI) and the three-month foreign exchange implied volatility (FXIV). Panels A, B, C, and D plot the MSCI delta for the entire set of countries, the Eurozone, Latin American, and Asian countries respectively. Panels E, F, G, and H plot the FVIX delta for the same sets of countries. Notes to Figure: For the entire set of twenty-eight countries, panels A, B, C, and D plot the prices of risk for the ten-year U.S. Treasury bond yield (UST), the VIX, the one-year trailing stock return index (MSCI), and the three-month foreign exchange implied volatility (FXIV) respectively. For di¤erent groups of countries, panels E, F, G, and H plot the sensitivity of the ratio of the risk-neutral (Q) and physical (P) default probabilities to changes in UST, VIX, MSCI, and FXIV respectively. The default probabilities under both measures are computed for …ve year horizon. Notes to Figure: We plot information on deltas and credit risk premiums for Poland. Panel A shows the credit risk premium and the CDS spread. Panel B shows the credit risk premium and CDS slopes, de…ned by the di¤erence between the ten-year and one-year maturities. Panels C, D, E, and F plot the deltas of model spreads with respect to changes in the ten-year U.S. Treasury bond yield (UST), the VIX, the one-year trailing stock return index (MSCI), and the three-month foreign exchange implied volatility (FXIV). Figure: We plot information on deltas and credit risk premiums for Mexico. Panel A shows the credit risk premium.and the CDS spread. Panel B shows the credit risk premium and CDS slopes, de…ned by the di¤erence between the ten-year and one-year maturities. Panels C, D, E, and F plot the deltas of model spreads with respect to changes in the ten-year U.S. Treasury bond yield (UST), the VIX, the one-year trailing stock return index (MSCI), and the three-month foreign exchange implied volatility (FXIV). Notes to Figure: We plot the credit risk premium for individual countries, for the entire set of twenty-eight countries. Notes to Figure: The solid black line shows the credit risk premium obtained from the benchmark model speci…cation, which includes the following covariates: the ten-year U.S. Treasury bond yield (UST), the VIX, the one-year trailing stock return index (MSCI), and the three-month foreign exchange implied volatility (FXIV). The thin grey line shows the credit risk premium obtained from model 2, which includes the same covariates as the benchmark model, as well as the one-year constant maturity local swap (SWA). The light grey line shows the credit risk premium obtained from model 3, which includes the covariates from model 2, as well as the terms of trade (TOT). Panels A, B, C, and D report on the entire set of twenty-eight countries, the Eurozone countries, the Latin American countries, and the Asian countries respectively. 02  03  04  05  06  07  08  09  10  11  12 Latent1 Latent2
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Notes to Figure: We plot credit risk premiums for the benchmark model and for di¤erent parameterizations of the latent model, for four countries. Table: For each country, we report descriptive statistics for …ve-year CDS spreads and local covariates. MSCI refers to the one-year trailing stock return index, FXIV refers to the three-month foreign exchange implied volatility, SWA refers to the one-year constant maturity local swap, and TOT refers to the terms of trade (columns 2 to 11). We report the deltas (scaled by 10000) to the four covariates in the benchmark model, along with the average of the credit risk premium, 
